The raw material -residue of oil production from Huadian oil shale -was modified with cationic surfactants; the hydroxyl groups on the aggregated silica surface were alkylated directly. 
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INTRODUCTION
China is one of the countries that possess rich reserves of oil shale. Proven reserves of 50 billion tonnes are mainly distributed in Huadian and Nongan (Jilin province), Maoming (Guangdong province), Fushun (Liaoning province) and so on [1] . The investigation of mineral composition of each oil shale has shown that organic matter content of oil shales is low (usually less than 35%), while quartz, muscovite, kaolinite and calcite are the dominating minerals [2] . So making use of oil shale to produce shale oil or burning directly for power supply could produce large amounts of residue or ash, for example, if 600,000 tonnes of shale oil are produced per year, nearly 7 million tonnes of oil shale residue are formed. SiO 2 content of oil shale residue is the largest (approximately 50% or more), followed by Al and Ca. Synthesis of Ca-Al-Si-hydrates from oil shale ash with alkali treatment, for producing adsorbents, zeolite and molecular sieve is one of the methods of comprehensive utilization of oil shale [3] [4] [5] . Making silica from the oil shale residue is the second method of comprehensive utilization of oil shale [6] [7] [8] [9] [10] [11] [12] [13] . Silica may be used as thickening agent of rubber and strengthening agent of coating products. The residue is neither able to react, nor compatible with organics, difficult to infiltrate and disperse because of hydroxyls on its surface, so hydroxyls must be alkylated to get hydrophobic modified silica [14] [15] [16] [17] [18] [19] [20] [21] . Modified silica can be obtained from the oil shale residue by treating it with silane coupling agents vinyltrimethoxysilane (AH-171) and N-(normal-butyl)-3-aminopropyl trimethoxysilane (DYNASYLAN 1189) as modifiers, and adopting the process route of calcination and activation → alkaline dissolution → homogeneous sedimentation with ethyl acetate → modification with silane coupling agents, at what the modification rate of hydroxyls on the surface are 93.7% and 71.2% [21] , respectively. The process of using silane coupling agents requires a lot of expensive ethanol as solvent, and a cheap modification technology would be more conducive to high-value reuse of the oil shale residue. This paper reports on the modified preparation of silica from oil shale residue by using cationic surfactant as modifier and water as reaction medium. Structural characteristics of the modified silica were analyzed.
Experimental Sample
The residue (semicoke) was formed at pyrolysis of Huadian oil shale in the temperature range of 510-650 °C in the process of producing shale oil by means of the solid heat-carrier method. The inorganic composition of the residue formed is shown in Table 1 . The samples were pretreated by calcination at 800 °C. 
The oil shale residue from oil production was comminuted to the size about 0.2 mm, a certain amount of it was put into the crucible, calcined and activated in a temperature range of 700-800 °C for 1.5 h in a muffle furnace. After cooling down the activated residue was taken out and loaded into a round-bottom flask, into which the solution of 25% NaOH was added at the liquid-solid ratio of 4:1. The mixture reacted at constant temperature of 40 °C for 2 h under magnetic stirring (pH = 12-13). Hot solution was filtered, ethyl acetate was added as acidifier, and H 2 SiO 3 was precipitated at a constant temperature in a water bath (40 °C) under magnetic stirring. After precipitation it was separated centrifugally and washed by ethanol and deionized water. Precipitated silica was dissolved in water at liquid-solid ratio of 3:1, the mixture of alkali solution (NaOH:Na 2 CO 3 = 1:1) was added and pH value was adjusted to 9-10 under stirring for 3-5 min. A certain amount of cetyl tri-methyl ammonium bromide and 4-ethyl bromide (predissolved in water at 40 °C) was added into the system under stirring, and let to react at a constant temperature between 30-40 °C for 2 h until pH value reached a constant value between 8 and 12. After the mixture was centrifugally separated and washed with water (40 °C) to remove the non-reacted surfactant, the product was dried for 2 h by infrared light. Two kinds of silica modified by cationic surfactants were obtained. The infrared spectrometer (Nicolet AVATAR 370), NMR spectrometer (Varian Mercury Plus 400), scanning electron microscope (HITACHI S-4800) and thermogravimetric analyzer (TG209C) were applied to analyze the product.
Modification experiment
Modification conditions include: the dosage of cationic surfactants (the molar ratio of surfactant to hydroxyl number N on the sediment silica surface), reaction temperature, and pH value of the reaction system. In order to get a higher rate of modification, the orthogonal experiment L 9 (3 3 ) conditions (shown in Table 2 
Product analysis
The methods of analysis listed above were applied to analyze two kinds of silica modified with cationic surfactants. The modification effect was analyzed by comparing the results measured for the unmodified and modified silica.
Results and discussion

Optimization of modified silica preparation from oil shale residue
The oil shale residue formed in the process of oil production was modified with hexadecyl trimethyl ammonium bromide applying the method of orthogonal experiments varying the amount of surfactant (the molar ratio of the cationic surfactant to the hydroxyl group number N of the silica surface), reaction temperature and pH value of the reaction system. The corresponding changes in hydroxyl number (∆N) of the modified silica surface are given in Table 3 . As seen in Table 3 , we determine the main factor basing on the R j values determined for each factor, so the order of influencing factors in this experiment is B > C > A, what means that the greatest influencing factor in the modification reaction is reaction temperature, followed by pH value of the system, and the amount of modifier. By selecting the maximum from the sum of ∆N corresponding to I j , II j , III j the optimum reaction conditions are B 3 , C 2 , A 2 : reaction temperature 40 °C, pH value within the range of 9-10, modifier dosage (the molar ratio of cationic surfactant to silica surface hydroxyl) 2:1. Using hexadecyl trimethyl ammonium bromide and tetraethylammonium bromide as modifiers, products with high rate of modification were obtained. The reactions occur according to the reactions (1) and (2) . The modification results are shown in Table 4 .
hexadecyl trimethyl ammonium bromide-modified: 
tetraethylammonium bromide-modified:
One can see in Table 4 that the rates of modification with both hexadecyl trimethyl ammonium bromide and tetraethylammonium bromide are about 84%. The effect of the surface structure of silica is shown in Fig. 1 . Modification rate can be to a certain extent affected by three kinds of hydroxyl position on the surface (isolated hydroxyl, ortho-dihydroxy and double hydroxyl) because of the hydrogen bond association in orthodihydroxy and steric hindrance of double hydroxyl.
Surf ace Fig. 1 . Surface structure of silica.
Structure analysis of modified silica obtained from oil shale residue
Two kinds of modified silica obtained from oil shale residue by taking hexadecyl trimethyl ammonium bromide and tetraethylammonium bromide as modifier, respectively, were analyzed by infrared spectra. The results are shown in Fig. 2 . Comparison with the infrared spectrum of unmodified silica in Fig. 3 shows that the intensity of hydroxyl stretching vibration peak at 3422.94 cm -1 is decreased after modification due to the reduction of hydroxyl number on the surface. However, hydroxyl has not completely reacted (the modification rate was 84%), so there are about 16% of the surface hydroxyl still unconverted. Two new stretching vibration peaks of C-H bond at 2920 cm -1 and 2850 cm -1 after modification indicate that the characteristic structure of Si-hydroxyl has been alkylated. The 1 HNHR analysis results of two kinds modified silica are given in Table 5 . There is a group of hydrogen peaks of Si-hydroxyl of unmodified silica in the high-field region (chemical shift within the range of 1.0-1.5 ppm), triplet hydrogen peaks corresponding to three kinds of Si-OH -isolated hydroxyl, ortho-dihydroxy and double hydroxyl. New peaks of hydrogen in the high-field NMR spectra of the modified silica belong to the hydrogen of silane chain -C 16 H 33 and -C 2 H 5 . It demonstrates that the characteristic structure of Si-hydroxyl on the surface has been alkylated. Two kinds of modified silica were analyzed also by thermal gravimetric method, and the results are shown in Figures 4 and 5 including that of the unmodified silica. As seen in Fig. 4 , there are two obvious weight loss stages during the heating process of the modified silica. The first loss occurs from room temperature to about 150 °C due to water absorbed by the surface. The other obvious weight loss (about 4-4.5%) from 250 °C to 400 °C corresponds to the fracture of the alkyl chain of siloxane. This demonstrates the formation of a new valence-bond of -Si-OR grafted on to alkyl chains in the modified silica. Figures 6-8 are scanning electron micrographs of unmodified silica and modified silica. The conglomeration degree of modified silica particles is significantly reduced, especially when using hexadecyl trimethyl ammonium bromide. The dispersed particles are spherical and uniformsized because the association between the original hydroxyls was impossible for introduction of alkyl chains, and agglomeration was greatly inhibited. As the C 16 alkyl chains are longer than the ethyl chains, the modification effect is greater. 
Conclusions
Modified silica with high modification rate (84%) was obtained from oil shale residue by using cationic surfactants hexadecyl trimethyl ammonium bromide and tetraethylammonium bromide as modifiers. Optimum reaction conditions were determined by the orthogonal experimental method. The optimum conditions are: the reaction temperature of the water medium 40 °C, pH value between 9 and 10, the molar ratio of cationic surfactant to silica surface hydroxyl 2:1. The structure of the alkylated Si-hydroxyl on the silica surface was investigated by infrared spectroscopy, nuclear magnetic resonance analysis and thermal gravimetric analysis. The results indicate that a new valence-bond of -Si-OR grafted with alkyl chains in the modified silica has formed. Scanning electron microscope analysis demonstrates dispersion of the uniform-sized modified silica particles.
